Electric Railway Fraction 


Electrification Prospects 


LTHOUGH there are many _ successful electrified 
systems—both main line and suburban—in opera- 
tion in different parts of the world, there is as yet 

little sign that responsible railway opinion favours the 
general adoption of electric traction, even for suburban 
or relatively short-distance inter-urban traffic, the density 
of which is on the whole much greater tl an elsewhere. 
We use the term “‘ general adoption of electric traction ’’ 
because there are many particular cases in which it has 
been applied owing to favourable local circumstances. 
Sir Herbert Walker, in the course of a speech last yeai 
on railway electrification on the Southern Railway, 
emphasised that such good results as had been obtained 
in the special conditions appertaining to that system must 
not necessarily be expected elsewhere. Our own opinion, 
which we have often expressed in the past, is that the 
effective scope of electrification is considerably wider than 
is generally supposed, for several reasons. Traffic density 
is, of course, important, for it can be shown that, below a 
certain density, electrification can seldom be a_ paying 
proposition; but the result of electrifying suburban lines 
such as the Southern, the L.M.S.R. to Watford, and the 
Metropolitan to Rickmansworth, is obvious in the extra- 
ordinarily rapid residential development of the areas 
served, and this has, of course, brought the necessary 
density of traffic to justify the expenditure. 

In’a trenchant article which we publish in this issue 
by Sir Philip Dawson, who was respcnsible for the 
nucleus of the present electrified network of the Southern 
Railway, numerous arguments are advanced for a bold 
and comprehensive policy of electrification in this country. 
Some of his arguments are contentious, but they are all 
worth considering, and some of them direct attention t 
aspects of electrification which have not hitherto received 
the attention they deserve. One of these is the revenue- 
farming capacity of sites created by covering over stations 
and terminals in towns. An idea of the value of such 
sites, situated in crowded areas where they are most 
needed and most valuable, was given at the World Power 
Conference held in Scandinavia last year, when the 
Electrical Engineer of the ‘New York, New Haven and 
Hartford Railroad stated that the utilisation of the air 
Hghts over the New York City terminal station and its 
approaches, capitalised at 6 per cent., represented a sum 
of $50,000,000. 

Sir Philip Dawson mentions other advantages to be 
obtained from smokeless railway operation, such as two- 
Storey terminals so as to avoid Iateral widening, and there 
the indeed Many and various benefits to be derived from 

€ abolition of smoke, not only by the railway itself but 
yonmnity ut large. This has been recognised in 
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but he has not committed himself against electrification in 
certain circumstances. It must not be forgotten that the 
L.M.S.R. and its constituents have already spent over 
£10,000,000 on electrification in suburban areas, and with 
the detailed data of operating costs at his disposal, Sir 
Josiah Stamp is no doubt watching the opportunities for 
the extension of electrification on his system. We believe 
that the opportunities are rapidly coming nearer to 
realisation. 


The Regeneration Question 


EGENERATION, or the conversion of kinetic energy, 
into electric energy, has an important bearing on 
the economical side of electrification in certain cases, 

and in at least one instance the effect of its characteristics 
on train operation has been the sole reason for the con 
version from steam operation. With three-phase systems 
regeneration is automatic, and requires no additional appa- 
ratus on the power vehicles, but although in some respects 
this is an advantage, it leads, through the motors being 
suitable for only a certain limited number of speeds, to 
heavy fluctuations in the power demand from the line, 
and timetables must be carefully arranged to counteract 
this as far as possible. With single-phase and direct- 
current traction, additional apparatus is required on the 
tractors, but great progress in design has been made in 
post-war years, and has given regeneration a different 
status from that which it occupied, say, ten years ago. 

Safety in operation and economy in current consump- 
tion are the reasons for incorporating regenerative features, 
but they vary in importance on different railways. On 
main lines, where the stops are few, regeneration is o! 
great value in holding the train to a steady speed on long 
grades, without wearing away the brake blocks. This has 
proved of great service on, among other d.c. systems, the 
G.I.P. Railway, the South African Government Railways. 
the Chicago, Milwaukee, St. Paul & Pacific Railroad, and 
elsewhere, but probably the most striking application is 
on the Zestafoni-Stalinissi line in the Caucasus, which was 
electrified in 1932. The oil trains from Baku to Batoum 
are made up to a maximum weight of 3,000 tons, and 
the difficulty has always been holding them when going 
down the steep 40-mile Suram Pass division. In steam 
days it was no uncommon thing for trains to have to stop 
at or near the bottom of the grade for more than half-an 
hour to cool off the brake blocks, the station being 
enveloped in blue smoke for five or six minutes. The 
trouble was complicated by the fact of the line being single. 
apart from passing places, and by the number of trains, 
32 up and 32 down per diem, 28 of which in each direction 
were oil trains or oi! empties. Electrification at 3,000 volts 
d.c. was therefore decided upon to solve the braking 
problem, and two of the 130-ton double-bogie locomotives, 
illustrated in our issue of December 15, hold the heaviest 
trains on the maximum grade. On many railways diffi 
culty is experienced in finding a load for the regenerated 
current, but with steady loads up and down long grades 
such as on the G.I.P. Railway, and in Morocco, the 
current returned to the line forms an appreciable part of 
that consumed by ascending trains. 
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RAILWAY ELECTRIFICATION IN BRITAIN 


A well-known railway elec- 
trical engineer puts forward 
a trenchant criticism of the 
low electrified mileage in 


this country* 


By SIR PHILIP DAWSON, M.P. 


IR JOSIAH STAMP stated in an interview in The 


Observer of February 21, 1932, that ‘‘ branch line 


services have been materially improved.’’ It would 
be interesting to know whether the people who live on 
such lines agree with him. There does not appear to have 
been any great improvement, either in frequency or in 
speed on most of them. Some improvement has taken 
place in recent years, but the Royal Commission oti 
Transport pointed out that this was mainly due to road 
competition and that much still remained to be done. 

As regards suburban electrification, Sir Josiah Stamp 
remarked that this must ‘* depend upon the remuneration 
expected to be realised ’’; but how does he expect to 
ascertain what this will be? Will he wait until the traffics 
drop still further, or will he follow the lead given by the 
Southern Railway? Sir Herbert Walker has stated that 
one year’s working of 800 miles of electrified track has 
increased the net revenue by an amount which represents 
173 per cent. on the capital charged to electrification. 

The Royal Commission on Transport (comprising some 
of the ablest men in this country), after a very complete 
investigation, reported: ‘‘ We believe that it would be 
greatly to the interests of the railway companies and tend 
to great convenience to the public if all the suburban 
services were electrified, not merely in the London area 
but in every district where there is intense suburban 
passenger traffic.’’ Sir Josiah does not apparently agre: 
with this, nor yet with the dictum to which the Royal 
Commission call attention, that ‘‘ facilities create traffic.”’ 

About the same time as Sir Josiah’s interview appeared 
in The Observer, The Times in a leading article pointed 
out that, whilst British railways had done much to help 
themselves, a good deal still remained to be done; flexi- 
bility in the services offered, and more enterprise in the 
electrification of the lines serving the most thickly popu- 
lated urban districts was needed. 


Smoke Elimination Releases Building Sites 

One important aspect of suburban electrification is that 
it enables stations and their approaches (where the lines 
are below the street level) to be covered in, thus rendering 
free for building purposes sites in crowded areas where they 
are most needed and most valuable. This benefit does 
not appear to have been seriously considered in_ this 
country except in the case of the District and the Metro 
politan. Railways. Mr. Withington, Electrical Engineer 
of the N.Y.N.H. & H. Railroad, stated at the World Power 
Conference in Stockholm last year that the utilisation of 
the air rights over the terminal station and its approaches 


* Editorial comment will be found on page 429. 





in New York City capitalised at 6 per cent. amounted 
to 50 million dollars. If the saving resulting from the 
construction of a double-deck station, which was only 
possible on account of electrification, was taken into con- 
sideration, there was a further credit of 50 million dollars. 
The two credits combined more than covered the total 
cost of electrification of the two railways. The electrifica 
tion had not only rendered available a very large area for 
building purposes, but had greatly benefited communica- 
tions by enabling streets, otherwise interrupted, to b 
continued. 

At the British Association in York in 1982, Sir Josiah 
Stamp talked about a period of obsolescence due to in 
creased efficiency of more modern plant; this applies 
equally to steam as to electric haulage. Mr. Withington 
stated at Cairo last year that the net overall efficiency of 
a steam locomotive was 8 per cent. as compared with 
15 per cent. of an electric locomotive fed by a steam 
power station. At the York meeting Sir Josiah admitted 
that the demand of our large cities for smokeless traction 
made an electrification zone almost compulsory, but s0 
far this opinion does not seem to have affected his actions. 
He went on to say that the electrification of main lines 
Was not so simple and that he had found American et- 
gineers turning away from the inevitability of main-ln 
electrification, towards the greater advantages of improv- 
ing steam locomotives. Did he ask those in charge ol 
America’s premier railroad, the Pennsylvania, what the) 
thought, and if not, why not? This line has a track 
mileage nearly two-thirds that of all our railways, 4 
capital equal to almost one-half, and a number of |oc0- 
motives equal to nearly one-third. After 30 years’ expel 
ence, this company is just completing th electrification 
of all its tracks and services between New York ane 
Washington, aggregating 2,300 miles of single track, and 
they will be consuming annually an amount of electricity 
equal to approximately one-third of the total output 
our privately-owned electric utilities gen rated by thelr 
231 power stations. 


British Policy 

Compare this policy of electrification with that ot Ys 
railways. The G.W.R. has invested £18 millions, U 
L.M.S. £32 millions, the L.N.E. £2°5 millions and the 
Southern £1-4 millions in road undertakings. The result 
has been, as The Times pointed out, that whilst the = 
ceipts of the first three companies from passenger Tal 
have decreased 22 per cent., those of th: Southern _ 
decreased only 15-1 per cent. In addition the season an 
workmen’s tickets which are directly affected by electti- 
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fcation, show, in the case of the Southern Railway, an 
increase of nearly 8 per cent., while on the G.W.R. they 
have decreased 173 per cent., on the L.M.S. nearly 
19 per cent., and on the L.N.E. over 20 per cent. The 
Times pointed out 1n its financial columns last year that 
the electrification of the lines of the Southern Railway had 
proved a happy enterprise, both for the company and its 
passengers, and that its success was self evident. 

The railways find money for buying up road transport, 
for widenings, new locomotive sheds and sidings (which 
railway electrification would render unnecessary), as well 
as for building new luxury hotels, but the unfortunate 
inhabitants of our densely populated areas have got little 
or no relief except at the hands of the Southern Railway. 

Mr. H. A. Watson, of the old North Eastern Railway, 
stated at the Institute of Transvort as far back as 1923, 
that electrification had great operating advantages be- 
cause it reduced the number of operating speeds. ‘Thus 
between York and Newcastle they had seven different 
speeds of trains which electrification would reduce to 
three, an enormous advantage, because it increased the 
carrying capacity of the existing tracks, thus rendering con- 
siderable track widenings unnecessary, and that this would 
result in economies which could hardly be over estimated 

The population of our great cities is spreading ever out- 
wards and demanding ever greater facilities to reach its 
daily work in factory and ofiice, and electrification alone 
can deal with this demand. Electricity places in the 
hands of the railways a transport machine of such im- 
proved capacity and flexibility as to enable them very 
materially to increase their revenue, with a relatively small 
increase in their total operating expenses. There has 
been a considerable decrease in the traffics of our rail- 
ways, and for this very reason they should adopt the most 
up to date methods to regain the ground they have lost. 
It is not in the national interests that, because existing 
railway stocks are low, electrification should be held up. 

Financing Electrification 

It is suggested that the financing of railway electrifica- 
tion is difficult, but this has not stopped the Southern 
from continuously extending. If found advisable, a 
material part of the cost of the electrification could be 
hnanced, as it has been in the U.S.A., by so called ‘‘equip- 
ment trust notes,’’ secured by the new equipment  pur- 
chased, and repayable from the savings currently accruing 
under operating conditions. 

The Weir Report is conclusive as regards the material 
advantages which would be reaped by the adoption of 
electric haulage on main lines. If confirmation is needed 
itcan be found in a statement recently made by the 
French Minister of Public Works, that electrification is 
desirable because it facilitates operation, simplifies the 
Work of the traction staff, and increases the comfort of 
passengers and employees. Great financial benefits accrue, 
not only as a result of the expansion of traffic and greater 
speed, but also indirectly because of the concentration of 
the means of production and the economy in employment 
Which it renders possible and which are essential functions 
I any properly balanced national system. It is also one 
of the fundamentals in any plan of national reconstruction 
because it has the advantages of not being an unpro- 
ductive financial burden, but carries with it the promise of 
increasing returns in the future. 
je oe { points out that if our railways were 
in ves ~.* ta period of 20 years, employment 
eat > nee gaa the work would be found for 60,000 
electrificatt a Ng iole of this time. Of the total cost of 
‘i read i vag I cent. is represented by wages which 
re esse a a very wide field, and which would give 
cement bul ah Ourtless industries, such as iron and steel, 
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accessories of all kinds, cloth, cotton, potteries and glass, 
as well as to all the various electrical industries, and inci- 
dentally wouid give much traffic to the railways them- 
selves. 

The reduction of the rate of interest and in the cost of 
materials since the Weir Report was published, rendet 
electrification more desirable than ever. Then, 6 per cent. 
was a normal rate, now money can be got for 3 per cent. 
to 33 per cent. Copper then was £70 a ton, now it is 
£35, and so with all the various factors on which the esti- 
mates were based. Furthermore, with the improvement 
in diesel-electric haulage, many branch lines and sidings 
proposed to be electrified in the Weir Report could be 
operated by diesel-electric trains and shunting locomotives. 

Main Line Electrification Abroad 

Main line electrification is not untried, and results of 
its operation are available over a period of 20 years or 
more. There are 30,000 miles of track electrified in the 
world to-day, of which over half are on the Continent of 
Europe. Sweden, Norway, Denmark, Holland, Germany, 
France, Spain, Italy, Switzerland, and Austria, are en- 
gaged in extending their main-line electrification, and they 
would certainly not be doing this if the results they had 
previously obtained weré not satisfactory. In some 
quarters it is suggested that they are doing this because 
they have the benefit of cheap hydro-electric power. In 
this country current can be obtained from the Grid at a 
lower price than that paid by any country which obtains 
its current from hydro-electric installations. Furthermore 
the density of traffic on the lines which would be electri- 
fied in this country is greater than that which obtains on 
most of the electrified sections on the Continent. As the 
density of services increase, the cost of electric traction 
per engine-mile increases far less rapidly than with steam, 
and electrification becomes more and more advantageous. 

The electrification of our railways would have a very 
beneficial result on the general electric development of the 
country. It would justify the immediate construction 
of new power stations, as, contrary to the gradual develop- 
ment of Britain’s electricity supply, electrification would 
demand immediately large quantities of electricity. Such 
new stations would be far cheaper to construct and more 
efficient in operation than the present ones, and this would 
help to reduce the cost of electricity all round. Rural 
electrification would be greatly accelerated, because the 
sub-stations and secondary lines required for feeding the 
railways would be available for the general supply, 
whereas to-day the general demand is in many cases too 
small to justify the construction of distribution systems and 
substations. 

The Southern Railway, having electrified to Brighton, 
have found that the material benefits foretold in my reports 
made nearly 15 years ago to the Brighton Railway have 
been fully justified, and are extending to Eastbourne and 
Hastings and will thereby be in a position to compete 
successfully with other forms of transport. This confirms 
the experience of all the railways which have electrified, 
namely, that electrification is the best and most effective 
means of dealing with road competition. In Sweden 
where severe road competition exists, the experience has 
been that as a result of electrification traffic has already 
increased by 36 per cent., a figure far higher than was 
anticipated. 

What we need to-day in this country is not a rise in 
value of gilt-edged securities, a greater activity on the 
Stock Exchange, or the use of money for purely specula- 
tive purposes—because this merely means economic stag- 
nation—but an increase of our industrial activity, for this 
is the only true means of creating economic values. 
Nothing will contribute more to this end than a bold and 
comprehensive policy of electrification. 
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ELECTRIC TRAIN MOVEMENT AND ENERGY CONSUMPTION 


Points of importance in the design of equipment for frequent stop services 


By E. H. CROFT, 
| aim of railway engineers is to move people from 

place to place in the minimum time with the maxi- 

mum comfort, and the minimum expense. In 
order to make such movement commercial, certain com- 
promises of the various main points are essential. A 
number of variable factors come into the consideration of 
train movement by electrical energy, and only by careful 
and scientific examination of the effects of these factors 
can economic movement result. The aim of this article is 
to give a clear view of the effects of the factors without 
going into detail, and to draw attention to the fact that 
the subject is divided into two considerations, the one 
being the purely theoretical energy required to move a 
body from point to point, and the other the effect that 
the various electrical efficiencies have on this purely 
theoretical consideration. 

The study of train movement may be divided into (a) 
frequent stop services and (b) infrequent stop services. 
Examples of the former are tramways and suburban ser- 
vices, and the latter main line services. Acceleration and 
retardation must play an important part in frequent stop 


services, While with infrequent stops, the question of 
actual maximum speed is of greater importance. When 
accelerating a train, the rotating parts, wheels, gear 


accelerated in a rotary 
to increase the mass oi 


and armatures have to be 
effect is virtually 


wheels, 
direction. The 
the train. 

The following table gives examples of the percentage 
increase in effective mass due to rotational inertia : 


Heavy goods train, including locomotive 5”, approximately 
Express passenger train, including locomotive 7°,, approximately 
Multiple unit train 7 to 15°, 


It will here be assumed in all cases that the mass of 
the train is increased by approximately 12 per cent. Thus 
the accelerating force P, in Ib. 114 f lb. per ton, where 
f is in miles per hour per second. It is not intended 
in this article to consider the question of infrequent stop 
services. For these the energy consumption will be largely 
dependent on the maximum speed. 


Frequent Stop Services 

The traffic requirements fix the time and distance from 
station to station. For preliminary investigations, average 
station to station time and distance are considered. To 
find the required size of the electrical equipment and the 
energy consumption, a full investigation of the train move- 
ment must be made. This is carried out by producing 
speed-time and current-time curves. Fig. 1 represents a 
typical example of run curve. 

The portion of the curve A B represents the train accele 
ration over the period that the main motors are under the 
control of the starting equipment, which maintains a 
reasonably constant acceleration. The portion BC C, 
C,, represents the period that the motors are connected 
to full line voltage. The portion C D represents the period 
during which the train moves freely uninfluenced by either 
power or brakes, t.e., coasts. The line D E represents the 
raking period and is assumed straight. The area of such 
a curve, plotted with time and speed as co-ordinates, repre- 
sents the distance travelled. 


A.M.Inst.C.E., 


A.M.I.E.E. 


The speed-time curve must be “Te. as follows :— 

The base being fixed, the curve A B ec... may be 
plotted from consideration of the Foci motor, weight 
of train, train resistance, and so on. The line E D may 
be drawn in by fixing the rate of braking. To complete 
the line C D must be selected so that the area ABC DE 
represents the required distance. The straight line portion 
of the acceleration depends on many factors, but mostly 
on passenger comfort. The following gives average results 
from practice :— 


Highest rate accepti ible 

Urban and suburban ; to 2 miles per hour per second 

\verage for British suburban 1-3 miles per hour per 
approximately 


2-25 miles per hour per second 


second 


A very important point for consideration is that of th 
means available for making up time. Referring to Fig. 1 
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it will be seen that if the motorman does not shut off powe! 
until he is just able to stop at the correct place by applying 
his brakes, the available make-up time is approximate tel\ 
35 seconds. It is import int that a suitable make- -up time 
be available for emergency and rush-hour conditions. _ 

To appreciate the speed-time curves, the inputs and dis 
sipation of energy during the motion period from start t 
stop should be considered from a fundamental point 0! 


view, apart from any question of electrical energy input 
During the period AG, energy is being applied to the 
train. This energy overcomes the train resistance overt the 


distance L, and produces stored energy in the form 0 
kinetic energy. Thus the energy input per ton during this 
period A G is 85-5 V* plus WL, where :— 

Vis the speed in miles per hour at point ‘ 


l., the distance travelled during the period 
W the train resistance per ton 


\ and 


The kinetic energy of 85-5 V* per is available 101 


propelling the train during the coasting p°viod, GF, during 
which the train absorbs the followin. kinetic enemy: 
WL, ft. Ib. per ton, where L, is the di-.:nce in ft. repre 
sented by the area G C D F. This ms\ also be written 


as: 85:5 (V2 minus V,2) ft. Ib. per to where V's the 
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speed in miles per hour at point C, and V, is the speed 
in miles per hour at point D. The kinetic energy still 
available at D, is partly used for driving the train over 
and largely wasted in the brake shoes. 


the distance = 
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Fig. 2--Time curves for speed-time curre. Fig. | 


The energy wasted in the brakes is 85°5 V, WL, 


ft. Ib. per ton. 

From a practical point of view the energy losses may 
be regarded as 85:5 V* because the braking — effort 
is usually not less than 170 Ib. per ton, and of this, 
train and motor resistance will account for only 10. to 
15 Ib. or 7§ per cent. approximately. 

When considering the effect on the speed-time curve 
and energy consumption of the many possible variants, 
the investigation will be considered trom two points of 
view, one the pure mechanical consideration of movement, 
and the other the complete result allowing for the effects 
of electrical efficiencies. 

In Fig. 2 a typical current consumption curve is shown 
corresponding to the speed-time curve in Fig. 1. This 
is based on four d.c. motors, two permanently wired in 
series, and the two groups of two provided with the 
usual series-parallel control. The area A B C D E F G 
when multiplied by the average voltage gives the energy 
consumption for the run A B C D E in Fig. 1, while the 
additional area G F H J when multiplied by the average 
voltage represents the extra energy required when taking 
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service this may be directly equated with the continuous 
rating of the motor. It is convenient, therefore, to plot 
the R.M.S. of the current on the current-time curve in 
Fig. 2. 

Effect of Acceleration 

In most conditions there is no question of varying 
station stops or average speed. The acceleration will, 
therefore, be considered first. 

In Fig. 3 a number of run curves are produced indi- 
cating the effect of various accelerations, other conditions 
being the same. Increase in acceleration results in a lowe 
braking speed VB which directly indicates a lower energy 
consumption from a purely mechanical point of view. 
Fig. 3 also shows the effect that increased acceleration has 
on the available make-up time. This is important from 
the traffic point of view. It should be noted that any 
increase of retardation rates for braking will have the 
similar effect as increased rates of acceleration. Ther« 
fore the braking rate should be maintained as high as 
possible. 

The electrical conditions during starting will now be 
considered, during the actual straight line acceleration 
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Fig. 4—Starting losses 


period. In the case of direct current machines, resistance 
is generally used to vary the voltage. In some cases 
where motor generators are used, field regulation is em- 
ployed, while in the case of single-phase, transformers 
vary the voltage applied to the motors. 

The following control systems will be considered, moto1 
generator set control and transformer being considered 
similar for simplicity. 

(a) Resistance control 
(b) Series-parallel and resistance 
(c) Motor-generator set or transformer 

Fig. 4 is a diagram with time plotted horizontally ana 
power vertically. OT is the straight line acceleration 
period in seconds. Neglecting friction, the area OPT 
represents the stored kinetic energy after time T. Since 
the kinetic energy varies as the square of the speed, O P 
will be a straight line. Thug the area for any given tin 
up to and including T represents the kinetic energy avail 
able at that moment. 

To reach speeds corresponding to T, energy to overcome 
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train resistance must also be supplied. 
can be represented by the area OE P. If the motor be 
started by increasing the E.M.F., as with a motor- 
generator set or transformer, allowing for the various 
efficiencies, the actual line of power input becomes B X. 
If the direct resistance method be adopted, the input lin: 
becomes C W, while with series-parallel control it becomes 
DGFW. 
Diagram 4 
starting. 


Thus energy input 


shows the electrical efficiencies during 


Useful work OET 
For straight resistance starting = — 
otal work OCW! 
For sevies-parallel and resist- Useful work OET 
: ance method Total work  ODGFWT 
Useful work OET 
For voltag control method . ~ . 
lotal work OBX1 


The result is that the last-mentioned method is the most 
efficient, while the advantages of motor combinations are 
clearly shown. 

Using Fig. 4 as a basis, it is interesting to see the effect 
that increasing the acceleration has on the starting losses. 
Considering the simple case motor-generator control first, 
it will be at once realised that increasing the acceleration 
by a given percentage does not increase the acceleration 
current by a similar percentage, while the time will be 
reduced in inverse proportion to the increase of accelera- 
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tion. The losses during the starting period are represented 
by OB X E and, in the following table, the approximate 
loss for three values of acceleration are given :— 

\cceleration M.p.h. oft Losses OBXNE 


m.p.h.p.s I resistance 7 EIT 1,000,000 
0-5 491 35 70 5-66 
1-0 891 28-5 28-5 4-19 
1-5 1,070 25-6 17:1 3-02 


Thus the increase of acceleration values not only reduces 
the theoretical mechanical energy required for the run, 
but also reduces the electrical losses during the starting 
period, since the motor torque increases in greater propor- 
tion than the increase of current. 

Considering now the more common series-parallel and 
resistance control, and assuming for simplicity that the 
EIT, where E is the line voltage (1,350 volts), 
I is the total current with machines in parallel, and T the 
time period that the starting resistances are in circuit in 
seconds. 

The following table shows clearly the 
accelerations on the starting losses :— 


losses are } 


effect of varying 


acceleration M.p.h. oft 14 ED 

m.p.h p.s I resistance T 1,000,000 
0-5 460 35 70 10-8 
1-0 740 28-5 28-5 7:1 
1-5 1,000 25-6 17-1 5-8 





FRAGTIVE EFFORT , LB PER MOTOR 


Electric Railway Traction 


These figures, although approximate and _ not directh 
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comparable with the previous table, indicate that the sam; 
ame 

advantages result from increasing the 
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-Motor curves for different gear ratios 


that the losses for series-parallel control are greater than 


with motor-generator or transformer control. 


In Fig. 5, the usual current time curves are plotted 
corresponding to Fig. 3. 
Effect of Gear Ratio 
The most important variant is that of gear ratio. Fig. 6 


characteristics for a motor identical with that 
7, but with different gear ratios. 

There are two viewpoints from which this question 
may be considered, the first being that of working at a 
constant straight-line acceleration, second is that 


gives the 
shown in Fig. 
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of assuming the current for the motor  onstant during the 
straight-line acceleration period. Boh have practical 
bearings, but the first is considered eneral more od 
portant. The investigation, therefore. 1s based on tle 


. : . camains the 
assumption that the straight-line acce! ation remains 


same throughout. 
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Electric Railway Traction 


Fig. 8 shows that the higher the gear ratio, the greater 
the mechanical efficiency of movement, t.e., the brake 
losses are less. This does not necessarily apply when the 
motor current during straight-line acceleration 1s the same 
for each gear ratio. A further advantage is that the higher 
the gear ratio the greater the available make-up time. 
Thus it would seem from a mechanical point of view, 
desirable to work to the highest possible gear ratio. It is 
necessary, however, to consider the electrical efficiencies 
before drawing any final conclusions. 

Fig. 9 indicates energy curves corresponding to Fig. 8 
and shows that a definite intermediate gear ratio gives the 
least energy consumption. It is sometimes difficult to see 
why this is so, as from a purely motion point of view, the 
higher the gear ratio the less energy consumption. The 
cause of the difference when considering the electrical input 
is the greater starting losses in the case of the higher geai 
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Fig. 8—Speed-time curves with varying gear ratio 
tio. It must not be forgotten that some special require- 








ments of traffic conditions may over-rule the question of 
getting the absolute minimum energy consumption. 
Weak Field 

One method by which the motor performance is 
improved is by the introduction of a weak-field tap. This 
is usually automatically controlled by the control gear, so 
that the so-called straight-line acceleration period is main 
tained toa higher speed. The eftect on the motor charac 
teristic is simply that of raising the characteristic upwards 
giving a greater degree of speed for each current value. 
The effect upon speed-time curve, first of all from a 
purely mechanical point of view, is almost identical with 
that of increasing the gear ratio, as the straight-line accele 
ration is maintained to a higher speed. Thus the advan 
tages are almost « xactly demonstrated by considering two 
cases from Fig. 8. If the 1/6 gear ratio curve on Fig. 8 
is assumed to be the full-field curve, then weak-field curves 
will give approximately the results obtained by the in- 
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creased gear ratio curves. Consequently with weak-field 
operation, it will be possible to get a motion of greater 
mechanical efficiency while making no increase in the 
electrical losses during starting. There is therefore con- 
siderable advantage in the use of weak field for the pur- 
pose of obtaining economy in energy consumption. 

It is not always realised that by increasing the capacity 
ot the motor, reduction in energy consumption may take 
place. Other factors remaining constant, the increase of 
capacity means a higher speed for a given tractive effort. 


Conclusion 
It has not been possible to illustrate the effect that every 
variant has on the energy consumption, nor the effects 
of changes in detail design of the motor. Furthermore, 
the accelerating current has been considered as main- 
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Fig. 9—Energy curves for speed-iime curves, Fig. 8 


tained constant by the control gear during the starting 
period, whereas there is a tendency nowadays to have 
different values during the series and the parallel connec- 
tions of the motors. It is hoped nevertheless, that the 
article has made clear the outstanding points in connec- 
tion with train movement of short distances from start to 
stop, and that the importance of keeping a clear view 
of the pure mechanical consideration has on the total 
result, has also been brought forward clearly. 

The whole question should receive the greatest con- 
sideration from the design engineer, when fixing the motor 
capacity for a new electrification, and also by the main- 
tenance engineer, with a view to making certain that his 
equipments are operating to the best advantage, and that 
he is fully prepared for any slight change that should be 
made, should he purchase further equipments in the near 
future. 
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_ SOUTHERN ELecTRIFICATION. — Mr. Gerald Loder, ad number of passengers carried between London and 
d o : . : : : ; Ss : 

essing the sharcholders of the Southern Railway at the Brighton alone increased by 520,000, and altogether the 
annual gener . : ' . ") ; De 

: nual general cting on March 1, said that of the company carried 2,213,000 more passengers i the newly 
CTeace wr « ° 7 “fc * ri 
Tease Of £321,000 in passenger receipts, no less than  clectrified area, an advance of no less than 23 per cent. 


£150,000 Was 
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oe to operat January 1, 1933, when the extension 

Wi ee tlical from Three Bridges to Brighton and 
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in the first year of electrical operation. The improvement 
still continues, for 116,900 more passengers were carried 
in this particular area in January last than in January, 
1933. Capital expenditure on electrification during 1933 
amounted to £111,000. 
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Letter to the Editor 


Layout of Control Equipment 


Queen’s House, Kingsway, 
London, W.C.2. 
February 6. 


fo tHE Epitor, THE RAILWAY 
GAZETTE 
Sir,—We have read with conside1 


able interest the articles in your Elec 
tric Railway Traction Supplement ot 
October 27 and January 12, dealing 
with control gear for multiple-unit 
suburban trains, in which a descrip 
tion of the removable control frames 
used on the L.M.S.R. Euston-Wat 
ford trains is given. This system 

the installation of the electrical appa 
ratus on self-contained frames which 
can be removed from the vehicle as a 


single unit—has so many advantages Fig. | 
that it will, 1 think, become the 


standard arrangement in future. 

After considerable experience in the design of apparatus 
for electric locomotives and motor coaches, the English 
Electric Company adopted this method of mounting in 
1926 tor locomotives, sec Fig. 1, which were built for the 
Chichibu Railway in Japan. Fig. 2 shows the main con 
trol frame on which is mounted the circuit-breakers, line 
breakers, camshaft contactor groups, ind cut-out 
switches, together with various other pieces of apparatus. 
The frame, with its apparatus as shown, was built up 
entirely outside the locomotive and placed bodily in pos: 


reversel 


Fig. 2—Main control frame in position, Chichibu Railway 


locomotive 


Double-bogie locomotive with 
Railway. Japan 





Electric Railway Traction 





single-unit control gear. Chichibu 


tion, its dimons'ons being arranged so that it could ente: 
the locomotive through the 
When in position, access is obtained through the dooi 
of the compartment which is interlocked with the mai 
switch, and there is adequate space to the locomotive wal 
to work on the back of the control gear. Access to th 
front of the gear is obtained by opening the front door 
The fram» is withdrawn from the locomotive through th 
end door after removing the expanded metal guards, and 
disconnecting the cables. Fig. 5 shows a similar main 
control frame after removal from the locomotive. 


end doors. 











+ . ’ ° ilway 
Fig. 3-—Control compartment, South ‘ndian Railwa 


electric train 
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Electric Railway Traction 


This method of mounting control gear was also used 
on the 50-ton loco notives supplied to the New Zealand 
Government Railways in 1928, and on a considerable 
number of other locomotives in various parts of the world; 
infact it has become the standard English Electric method 
of mounting control gear. 

We believe that the first example in which the principle 
of complete removability — of electric apparatus from 
suburban motor-coaches was applied to trains on the 
Madras suburban section of the South Indian Railway, 
where the equipments for 24 three-coach articulated units 
were mounted in this manner, 17 being equipped in 1929 
and seven in 1933. The latter cars were described in you: 
Electric Railway Traction Supplement for November 17, 
in which issue the mounting cf the control gear was 
illustrated. 

On this line ihe voltage 1s 1,500 and the electrical equip 
ment, with tie exception of the starting resistance, 1s 
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and it will, therefore, be readily appreciated that even in 
the event of a serious fault, the delay occasioned is not 
serious. Fig. 4 shows the main control mounted on the 
special wheels, and it will be noted how extremely ac 
cessible all the apparatus mounted on it is, due to the light 
and open design of the steel framework. 

An interesting feature of this equipment is that the high- 
icnsion chamber is positively ventilated by filtered air. 
The motor-generator set and exhauster motor are venti- 
‘ated machines and draw their air supply through fabric 
bellows, one of which can be clearly seen in Fig. 3, from 
trunks built into the wall of the compartment and con- 
taining oil-film type filters. The machines exhaust into 
the chamber through which there is, therefore, a continual 
slow drift of clean air. The air leaves the chamber 
through roof ventilators, and is drawn through the filters 
from the adjacent luggage compartment. This arrange- 
ment has proved remarkably successful in practice, the 


Mr . E 








Fig. 4—Control frame mounted on special wheels 


mounted in a high-tension chamber at one end of the 
motor-coach. The arrangement and layout of the appa- 
ratus desired were called for in the — specifications 
and drawings issued by Messrs. Robert White & 
Partners, the Consulting Engineers for the railway 
The idea of making the electrical equipment rapidly 
replaceable has here been carried to its logical 
conclusion, as not only the control apparatus, but 
the motor-generator and exhauster set, also mounted in 
the high-tension chamber, are arranged so that they can 
be removed in the minimum of time. Fig. 3 shows the 
disposition of apparatus; the main control frame is on the 
left and the motor generator set with the exhauster sct 
mounted above it is on th: right. The main control frame 
and motor generator set are arranged so that they can be 
Jacked up and mounted on small wheels and then wheeled 
out of the compartinent on to the platform. The exhausie1 
set IS arranged so that it can be withdrawn by means of 
4 Special small jib crane installed in the car shed for the 
Purpose. The main cables are specially ,arranged for 
Aig disconnection and a multi-point coupler socket and 
Aca —— ction of the control circuits a matter 
remove ogee Less than half an hour is required to 
of a fe on these pieces of apparatus. The installation 

fame or machine takes about the same time 





Fig. 5—-Control frame after removal from locomotive 


high-tension chamber keeping quite clean in spite of the 
extremely dusty condition prevailing in the Madras district. 
Without commenting upon many other interesting 
features of your articles referred to above, we think that 
our remarks will supplement the description you have 
already given of up-to-date methods of mounting of control 
gear apparatus, and will also serve to show that the re- 
movable control framework has been used and tried out 
successfully over a number of years.—I am, Sir, yours 
faithtully, C. E. FAIRBURN, 


Chief Engineer and Manager, Traction Department, 
English Electric Co. Ltd. 








ITALIAN ELECTRIFICATION.—The contracts for the electri- 
fication of certain railways in the Trieste and Fiume areas 
have now been placed, in accordance with the recent de- 
cision of the Italian Cabinet. These are the lines from San 
Pietro del Carso to Fiume; from Trieste to Venice via 
Cerrignano ; from Tarvis to Udine ; and the Postumia 
deviation line. The cost of the complete scheme is esti- 
mated at about £5,000,000 at the present rate of exchange, 
and the work is to be completed within two years. The 
electrification is being carried out on the 3,000-volt d.c. 
system, and the 60,000-volt three-phase supply current 
will be converted to line current in five substations. 
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REGENERATION ON 






Electric Railu ay Traction 


ELECTRIC RAILWAYS 


Several d.c. systems in use are described, and service results given 


FHVHE subject of regeneration is one which may have a 
vital influence on electrification proposals for lines 
with continuous steep grades, but the progress made 

within the last 20 years or so has made the question of 

importance for other lines also. Entitled ‘‘ Regeneration 
as applied to Direct Current Electric Traction,’’ an interest- 
ing paper on the progress and systems of regeneration was 
read on February 12 before the Institute of Transport by 

Mr. G. F. Sinclair, of the London Passenger Transport 

Board. Much of the paper was devoted to tramway and 

trolleybus applications, but useful particulars were given 

of various d.c. systems used on railways, and an abstract 
of this side of the paper is given herewith. 


Regeneration on Main Line Railways 


If a 1,500-ton train were coasting down a gradient of 
such a slope as to give the train a free running speed of, 
say, 60 m.p.h. and the trayn were braked to give it a 
steady speed of 30 m.p.h., then the power dissipated in 
heat in the brakes to achieve this would be 303-2 x 
106 ft. lb., which is equivalent to about 114 kWh. with 
regenerative braking. The losses in the locomotive auxili- 
aries, the overhead line and substations are heavy, so 
that only a percentage of the current generated is returned 
to the system. However, the saving in brake blocks and 


the lower maintenance due to reduction in brake block 
dust are very important factors. 
The function of regeneration in the case of electric rail- 


ways with heavy gradients is mainly to hold the train at 
a steady speed on the grade. With heavy freight trains 
with air or vacuum brakes on the locomotive, considerable 
skill is needed to handle the train. The heating of brake 
blocks and tyres, and the consequent variation in the co- 
efficient of friction between them, limits the maximum 
safe speed of a heavy train on a steep gradient. With 
regenerative braking, not only is some of the energy re- 
turned to the system, but the brake blocks and tyres and 
the air brake system are ready for application under the 
best conditions to bring the train to rest from the steady 
speed at which it has been descending the bank unde 
regenerative control. 


Systems of Regeneration 

The principle underlying regeneration with series motors 
depends upon the fact that any d.c. motor will act 
generator if its field is separately excited, the armature 
being driven mechanically. The application of this prin- 
ciple differs only in the method of producing the excitation 
and the control of the energy developed by the motors 
when regenerating. In practice, two methods are general. 
The first is the employment of one traction motor as an 
exciter for the remainder of the traction motors, and the 
other is the use of a separate generator for exciting the 
fields of all the motors. The latter usually consists of a 
variable-voltage generator coupled to the motor-generator 
set on the locomotive which is already there for supplying 
the low-tension current for control purposes. The first 
of these two methods does not give the best results as 
the number of speed combinations is restricted, and also 
some of the retarding effort of one traction motor is lost. 
The second method, whilst necessitating an extra machine, 
aliows for braking with the same motor grouping as when 
motoring and the full retarding effort of all motors is avail- 
able. The method of connecting the motor-generator to 


as a 





the main motor varies, but two methods which are widely 
used are described. : 

Referring to Fig. 1, A: and A, are the armatures of 
the two main motors connected in series. F, and F, are 
their fields also connected in series and excited by the 
variable-voltage generator VV. This generator has a 
counter-compounded winding—a few series turns S which 
are in series with the main motor armatures being arranged 
when the locomotive is regenerating to oppose the effect 
of the shunt turns which are supplied at constant voltage, 
the current in these shunt turns being regulated by the 
driver. A resistance R is connected in series with the 
main motor armatures A,, A, and serves to limit any 
current rushes due to sudden variations in the system 
voltage. The value of resistance R can be varied in 
order to adjust the range of speed over which regeneration 
has to be carried out. 
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Fig. | 


Regenerative circuit. English Electric 
Company 


Left hand. 


Fig. 2 Right hand. Regenerative circuit, Metropolitan: 


} ickers 


It is desirable to restrict the range 
ration is possible to defined limits for given loads, as this 
simplifies the control gear. On a certain section of the 
line, however, with given loads it may that thes 
normal limits restrict the speed too much. In order to 
avoid the unnecessary complications of control which would 
follow trom a very wide speed range, it is better to alter 
the value of resistance R. By increasing this, the volts 
drop in the resistance with a given field current will allow 
the locomotive to speed up in order to generate the ne es 
sary voltage which is required to obtain a suitable braking 


over which regene- 


be 


effort. In order to compensate for sudden drops in the 
system voltage and the consequent large increases M 
regenerated current, the reverse series turns 5 on the 


variable-voltage generator are valuable. In addition, they 
have the effect of giving regulation in the control of the 
regencrated current. The value of this decompounding 
winding may be altered as desired. 
Fig. 2 shows the schematic diagram « 
circuit with a separate exciter. 
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une 


purpose of sim- 
hown. In this 
set 15 


regenerative 
For th 
plicity, only one main traction moto 

as in the former, a separate motor-generator 


Case, 


used for the field excitation of the main motors whe 
running as generators. In this system, instead of employ- 


ing a decompounding winding, a stabilising resistance § 
used which carries both the exciter and the regenerated 
currents. In the event of the system 
suddenly, the regenerated current will 
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Electric Railway Traction 


increase the drop across this resistance, with 
the result that the voltage available for ex- 
citing the main motor fields is decreased, 
and consequently the increase in regenerated 
current is checked. The same applies in the 
reverse Manner for an increase In system 
voltage. 

The motor grouping on power gives 
various speed combinations, and in a similar 
wav when regenerating a range of speeds 
and torques at which it is safe to operate can 
be obtained. The ratio of armature current 
to field current is the deciding factor in 
fixing the limits of regeneration. This ratio 
naturally varies with different construction 
of motors. With the regenerative braking, 
variations in the gradients and fluctuations 
in the line voltage are automatically con- 
trolled. 


Service Results 


The electrification of the South African 
Railways from Glencoe to Pietermaritzburg 
aud the main-line electrification on the Great 
Indian Peninsula are two electrification 
schemes embodying regeneration. The elec- 
tric locomotives were supplied by the Metro- 
politan Vickers Electrical Co. Ltd., and the 
consulting engineers were Messrs. Merz & 
McLellan. In connection with the G.I.P. 
Railway, in a paper read by Mr. F. Lydall 
before the Institution of Electrical Engineers, 
interesting statistics on regenerative braking 
are given The difficulty of assessing the 
value of regeneration is stated, but about 
4} per cent. of the input to the rotary 
converters is returned to the transmission 


line, which is ample to cover the charges on the extra equipinen 
cost of the locomotive equipment. The consumption 
of brake blocks on electric locomotives with regeneration 
Was only about half of those on locomotives fitted with 
power brakes only. The tabulated results, 
extracts from Mr. Lydall’s paper, give some very interest of 1,500 


Ing information on regeneration. 


lesis on the Midi Railway ot France, the locomotive 
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s on which were built by the English Electric 
Company and Les Constructions Electriques de France, 
have been described in an article by Messrs. C. E. Fair- 
burn and F. 
Che locomotives are supplied with current at a pressure 
volts from an overhead conductor. They are 


A. Harper in The English Electric Journal. 


of the Bo+Bo type, of 1,400 h.p., and the freight and 
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fe. 4—Della Riccia system of regeneration 





passenger locomotives are identical except for a different 


gear ratio. The maximum speed of the 
freight locomotives is 55 km.p.h. and the 
corresponding speed on the passenger loco- 
motives 90 km.p.h. The locomotives weigh 
70-5. metric tens, and are arranged for 
multiple-unit control with regenerative brak- 
ng. The regeneration is effective between 
the limits of 32 and 60 km.p.h. on the pas- 
senger locomotives and between 20 and 
37 km.p.h. on the freight locomotives. 
The motors are arranged with heavily 
aturated fields in order to give a wide range 
t field control, no less than 65 per cent. 
f the field being shunted on the full-speed 
notch. The contro! is the multiple-unit type 
with nine series, six parallel, and four weak 
field notches on power, and nine regenerative 
notches. A motor-generator set is used for 
supplying the constant voltage of 120 volts 
for control and lighting purposes and a 
variable-voltage generator for separately ex- 
citing the fields of the main traction motors 
when regenerating. The variable-voltage 
generator is provided with a decompounding 
series winding. Tests on the locomotives 
were made on a gradient about 11 km. long, 
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the gradient being practically uniform at 3-3 per cent. On 
one test with a train weighing 270 tons gross, records 
measured at the substations showed that the energy for 
hauling the train up the grade was 550 kWh., whereas 


rABLE | 
REGENERATED ENERGY RETURNED TO THE TRANSMISSION SYSTEM AS 
PERCENTAGE OF INPUT TO SUBSTATIONS, 1931 


Substation March April May) June) July Aug. Sept Oct 
Vasind 1-5 3-1 1-4 | 2-1 1-2 1-8 1-0 1-1 
rhansit 3-2 3-9 3-1 2-0 1-6 1-9 2-1 
Kasara 7:2 9-] 8:8 7-4 6-5 6-0 4-5 5-4 
Igatpuri 12-1 12-3 13-6 j11-0 | 9-8 | 9-5 7°2 10-0 
Karjat 5-0 5-2 | 4-6 | 4-3 | 5-2 | 4-3 4-2 3°7 
Th akurwadi. 17-0 16-3 15-9 16-1 12-1 10-9 10-8 13-2 
Lonavla 4-5 4-8 5-4 4-8 4-8 4-0 3-4 4-4 


All main-line 
substations 
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FABLE II 
CONSUMPTION OF BRAKE BLOCKS ON ELECTRIC FREIGHT LOCGMGTIVIS 
WITH AND WITHOUT REGENERATION 


Engine 
Lonavk Igatpuri Walvan Total mile 
age 
Without regeneration 
from 12.7.30 to 16.8.30 30) 58 294 382 35,000 
With regeneration from 
25.4.31 to 27.6.31 “ 45 360 408 115,000 


the energy which was regenerated coming down was 
128 kWh. 
Use of Dynamotors for Regeneration 

The Societa Italiana Ernesto Breda, of Milan, have 
developed the use of a dynamotor set for regenerative 
control, and the most imporiant trial has been on the 
Italian State Railways on the Milan-Varese-Porto Ceresio 
line. The dynamotor used in this system between the line 
and the driving motors is a machine with three separate 
‘vindings arranged permanently in series, and three com- 
mutators. The windings are so arranged that, when the 
motors are connected direct to the line, the dynamotor 
operates as a motor on no load. When the driving motors 
are connected to the windings the latter are split into two 
groups; one group works as a generator supplying a frac- 
tion of the main motor current, whilst the other operates 
as a motor using a part of the main motor current. Two 
of the windings have the same number of turns and one 
of the windings three times the number of turns, with 
commutators giving voltages in the same ratio. A range 
of six different voltages can be supplied to the motor ter- 
minals giving six economical running speeds in addition 
to the two running positions when the motors are con- 
nected in series and parallel across the line. Fig. 3 shows 
how, by various combinations, the variable voltage is 
cbtained. 1A, 2A and 3A are the three dynamotor wind- 
ings, with 1A and 2A each taking 20 per cent. of the line 
voltage and 3A 60 per cent. To effect the various group 
ings the main motors are open-circuited from the line, 
which gives very uneven acceleration. 

There are many different arrangements for using motor 
generator sets or similar machines to supply varying 
voltages to the main motors. Where high line voltages 
call for motor generators, sets to operate the locomotive 
auxiliary plant, such as the compressor motors, control 
gear, &c., having one machine to cover both purposes, 
would seem to be economical. 
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In the Della Riccia system, two coupled dynamotors ar; 
used, each having two commutators. The fields of the 
dynamotors are controlled during starting so that acros: 
one set of fields there is no voltage and across the other 
full voltage. The current is gradually increased in th 
windings across which the main motors are connected and 
by the grouping of the motors as shown in Fig. 4, th; 
voltage to the motors can be varied up to full line pressur 
The changes in voltage can be effected without open cir- 
cuiting the motors from the line, so that the disadvantage: 
of the uneven acceleration mentioned with the previous 
scheme are not present. 





Publications Received 


+6 Mechanical World "’ Electrical Year Book, 1934, 
Manchester: Emmott & Co. Ltd., 31, King Street West 
6} in. x 41 in. 281 + 85 pp. Price Is. 6d. 
Opportunity has been taken in preparing the twenty- 
seventh annual issue of this well-known pocket book ¢ 
alter the title slightly, and completely rearrange and 
modernise the data. From the railway engineer's point 
of view the most valuable chapters are those on electri 
traction and traction motors, the former including counre- 
hensive tables of the world’s electrified steam railways 
as existing in 1933, and a table of the energy consumption 
and electric train miles of British railways for 1929. Ther 
is also a chapter on rectifiers, but unfortunately no mention 
of rectifier substations is made in the traction chapters 
Mathematical and electrical tables are included. 


La Commande Individuelle des Essieux. By Adolphe- 
Hug. Zurich: Editions Orell Fuessli, 31, Avenue d 
la Gare. 112 pp. 11} in. by 8} in. Price 32 Swiss fr— 
The author of this work is well qualified to deal with 
the subject, for, in addition to having been at one tim 
in charge of the electric rolling-stock of the Netherlands 
East Indies State Railways, he is a well-known consultant 
on the Continent for matters relating to electric traction 
The substance of this book originally appeared in the 
Bulletin of the International Railway Congress Associa- 
tion and La Traction Electrique, and is divided into SiN 
chapters and a bibliography. There is also a_uselul 
iexicography in French, German, and English of the tech- 
nical terms used in the book. After considering the geal- 
less and nose-suspended types of motor, the author passes 
to the most important part of his work, the description 
and analysis of those systems in which the driving motors 
are above the wheels, but with their axes parallel to the 
axles, which they drive through elastic connections. The 
principal members of this class are the Brown- Bover! 
Oerlikon, Westinghouse, and Swiss Locomotive Company s 
drives, to all of which the author accords full treatment 
Other drives which receive attention in this chapter are th 
Skoda, Secheron, Bianchi (as used on the 3,000-volt d.c 
locomotives of the Italian State Railways), CEF -Midi, and 
Linke-Hoffmann systems, but, taking the book as a whole 
it is safe to say that no known form of individual axl 
drive has been missed. Chapter V covers the applicatet 
of motors with vertical shafts which drive the axles through 
various form of bevel gears. The two principal systems 
in this category, the Tarbes and .\ustrian Siemeéls 
Schuckert drives, are described in detail, and are note 
worthy in having been applied only to express locomotives 
The final chapter gives a brief account of the application 
of individual axle drives to electric rack «nd adhesion loc 
motives. Over 200 figures illustrate the work, and, 
although a few are indistinct or too mall, the gener 
quality is good, and the book is valus')le as a source 0 
reference in a field of growing impori: ce. 
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TRIAL RUNS ON DANISH STATE RAILWAYS 


Three months’ tests of first electric 


trains on Copenhagen suburban lines 





1.300 h.p. three-car trial train 


HE first stages of the conversion to electric traction 
of the Copenhagen suburban lines were completed 
in October last, and on November 29, a month after 

we had described and illustrated the various stages of 
electrification in the Electric Railway Traction Supplement 
tor October 27, the first official trial runs of the rolling 
stock were commenced. it will be recalled that the elec- 
trical equipment for the stock was manufactured by the 
English Electric Company, and the mechanical portions 
by Frichs and the Scandia Car Works. The three-cat 


trains have a seating capacity of 235 in an overall length 
of 198 ft. 7 in., all the seats being of one class. The 


complete stock comprises 62 motor-coaches and 32 trailers. 
_ Two 650 h.p. motor-coaches, with a trailer between, 
formed the first unit, which was run over the 64-mil: 
section between Vanlose and Hellei up as soon as the 1,500- 
Volt current became available. A speed of 53 m.p.h. was 
attained, and the average specd between stations was 
31 m.p.h. These first equipments were officially accepted 
by the Danish Stat Railways on the completion of th. 
hi nent r and since that date trials of a fur- 
at Motor-co s and five trailers have been pro- 
v0: eta same section of line. Trial running will 
ate ee the 3 icipated opening of the whole sub- 

system in for the purpose of training the 








for Copenhagen suburban lines 


drivers and staff, but it is hoped that a regular electric 
service between Vanlose and Klampenborg will be opened 
in the near future. 

The complete electrification scheme comprises the con- 
version of 37 km. of double and 12 km. of single track fed 
with 1,500-volt d.c. through four mercury-arc rectifier sub- 
stations which are equipped with remote control apparatus. 
Colour-light signalling has been installed at certain points, 
but fully automatic signalling is not to be applied to the 
whole of the electrified area at present, as the existing 
system enables trains to operate with a three-minute head- 
way. When full-electric working is in operation, it is 
intended to reduce the station stops to 20-30 sec., and 
cut the present schedules as much as possible. The maxi- 
mum speed is 62 m.p.h., but with accelerations of 1:6 
to 3-0 m.p.h. per sec. per sec., the new trains should hav« 
no difficulty in effecting an appreciable economy in time. 

An interesting feature of the English Electric control 
equipment is that, despite the severe winter conditions in 
Denmark, it is carried below the underframe. Special! 
care was taken in the design of the cases to prevent the 
ingress of snow, and although during the first series of 
trial runs there were occasions when driven snow persisted 
during a whole day, a subsequent examination showed th« 
equipment to be free from any trace of moisture. 
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MERCURY ARC RECTIFIERS—II 


The electrical features and characteristics of this 


important class of apparatus are further explained 


HE introductory notes on the general principles of 
construction and action of mercury rectifiers, given 
in the first instalment of this article last month, may 

now be supplemented by a more detailed explanation of 
the electrical circuits and characteristics without, however 
entering into details which mainly concern the designer. 
manufacturer and electrical engineer. Many of the refine- 
ments responsible for the satisfactory service performance 
of modern rectifiers do not in any way affect the principk 
of operation and need not be discussed in notes intended 
primarily to give railway engineers a clear understanding 
of the nature and capabilities of a class of apparatus which 
is likely to be used even more extensively than motor 
generators and rotary converters. , 

For simplicity of explanation, a single phase rectifier 
may first be considered. Referring to Fig. 1, which is 
purely diagrammatic, the primary winding B of a static 
transformer is connected to the alternating current supply; 
and the secondary winding, S, is connected to the anodes 


+ 


A.C. SUPPLY 
a P 





QYQVOQQ0000 


-86 
.C. LOAD 
+0F 








Fig. 1—Diagram of single-phase rectifier 


A, B of the rectifier. The direct current output terminals 
are connected respectively through a smoothing choke L 
to the cathode C, and to the neutral (central) point O 
of the transformer winding S. The purpose of the coil L 
is to reduce the range of fluctuation of the direct curren 
by the equalising effect of periodic storage and return of 
energy in and from its electromagnetic field. The purpose 
of the exciting anodes D, E is explained later. 

The a.c. supply being sinusoidal, the voltage across 
the secondary terminals a, b of the transformer may be 
represented by the thin-line curve in Fig. 2. During the 
first half-cycle, a is at higher potential than 6b, and current 
therefore tends to flow from a to b in the winding S. At 
the moment considered, a is at higher potential than the 
mid-point ©, but current cannot flow through this half 
of the winding to the d.c. load, because this would involve 
an arc from the cathode C to the anode A.* On the other 
hand, current can flow from O to b, thence to B and 
through an are to C, and thence through the d.c. load 
back to O. During this half-cycle, the d.c. terminal F 


* As explained briefly in the first instalment of this article 
and as further explained below, an electric arc can normally be 
established from either anode A or B to the cathode C, but 
not in the reverse direction. If such a reverse are occurs it 
constitutes a back-fire, short-circuiting both the a.c. supply and 
the d.c. load, destroying the rectifying action for the time being, 
and necessitating interruption of the supply circuit. 


is positive and the current in the d.c. circuit may be 

represented by the first heavy-line pulsation in Fig, 2. 
During the second half-cycle of the a.c. supply, the 

secondary terminal a is at lower potential than b (se 
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Fig. 2-—Diagrammatic representation of rectifying action 


Fig. 2), hence current tends to flow from 6 to a. Cuent 
cannot flow trom 6 to O and through the d.c. load because 
this would involve an are from C to B; but it can flow 
irom O to a and A, through an arc to C, and thence 
through the d.c. load back to O, and F is still positive 
so that the d.c. current is represented by the second heavy- 
line pulsation in Fig. 2. Thereafter the a.c. cycle and, 
therefore, the d.c. pulsations are repeated. In other 
words, the alternating supply has been rectified to pro- 
duce a pulsating direct (unidirectional) current as indicated 
in Fic, 2. 
Form of Rectified Current 

Actually, the wave form of the rectified current will not 
be sinusoidal because no current can flow from either 
anode until a certain difference of potential or voltage 
exists between the anode and the cathode sufficient to 
maintain the arc and overcome the back-e.m.f., if any, 
in the d.c. load circuit; also, the subsequent relation 
between voltage and current depends on the varying 
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effective resistance of the circuit. The effect of inductance, 
e.g., in the c hoking coil L, Fig. 1, is to cause a lag in 
both the rise and fall of current during each pulsation; 
this results in some overlapping of the pulsations and 
reduces the amount of fluctuations in the resultant curve 
In practice, single-phase rectification is generally re- 
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Fig. 4—Electron and current flow in mercury-are rectifer 


stricted to such work as the charging of small accumu- 
lators, the intermittent flow of rectified current (flowing 
only during the periods when the anode voltage exceeds 
the back-e.m.f.) being then of minor consequence. For 
traction and similar service, the rectifier is usually fed 
with six-phase alternating current. This arrangement is 
shown diagrammatically in Fig. 3, which shows only the 
secondary windings of the supply transformer T, and the 
six anodes A arranged symmetrically (in plan) round the 
cathode C. The action is the same in principle as already 
explained but each anode in turn carries current only at 
the crest of the corresponding voltage wave. The result- 
ing voltage operative in the d.c. circuit is therefore as 
indicated by the heavy curve 
in Fig. 3. The departure from 
constant voltage is now un- 
important as far as the d.c. load 
is concerned, and the current 
flow is continuous, the voltage 
on each anode during the period 
it is in action being sufficient to 
maintain the arc and overcome 
the back e.m.f. of the d.c. 
motor or other load. It should 
be noted, however, that the 
nipple in the direct current out- 
put may be sufficient to causc 
humming in adjacent telephone 
circuits. 


Starting and Control 
Having explained the prac 
tical effect of the rectifier in 
action it is necessary to return 
for a moment to a « onsideration 
of the physical al phenomena 
inside the rectifier chamber, for 


unless these are cl: rly under- 
Stood it is imp sible to 
appreciate the reason for the 
rectifying action and the nature 
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anodes and the cathode of the rectifier would in_ itself 
produce no effect, the intervening space being electrically 
non-conducting. To start the action, it is necessary to 
raise a spot on the surface of the mercury to a high tem- 
perature. This is accomplished by striking a small arc. 
An auxiliary anode is plunged in the mercury momentarily 
to complete an ignition circuit and then withdrawn, with 
the result that an arc is struck between the auxiliary anode 
and the mercury. An incandescent cathode spot is thus 
formed on the surface of the mercury, and this emits 
electrons, 7.e., small particles of negative electricity. 
Some of these electrons flow to the auxiliary anode; others 
flow to whichever of the main anodes is at highest positive 
potential at the moment. The electrons, being negative 
charges of electricity, are attracted by the positively 
charged anode and when electrons leave the cathode and 
reach the anode, a current flows from the anode to the 
cathode. 

The preceding sentence is italicised because much con- 
fusion results from failure to appreciate that the flow of 
electrons (negative particles of electricity) is opposite to 
the conventional direction of current flow, which is from 
the positive towards the negative end of a conductor. 
This point is illustrated diagrammatically by Fig. 4, which 
also shows that the d.c. terminal F, connected to the 
cathode, is the positive terminal of the d.c. circuit, the 
cathode being the negative pole of the rectifier.* The 
lettering of this diagram corresponds to that of Fig. 1, 
a single-phase rectifier being again considered for sim- 
plicity. At the moment represented, the electrode B is 
negatively charged hence it repels the electrons emitted 
by the cathode spot and no current can flow from B to C. 
Half a cycle later, the electrode B is positive, the current 
low in the transformer and rectifier is as shown by the 
dotted arrows (no current then flowing from A), and the 
current in the d.c. circuit is in the same direction as 

* The anode is the positive electrode as regards the internal 
iction of the rectifier. The cathode is the negative electrode as 
regards the internal action, but it is the positive pole of the 
external (rectified current) circuit. 





Three 1.500 kW. G.E.C. mercury-are rectifiers in Chiswick Park 


substation. London Passenger Transport Board 
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before. Energy supplied as alternating current at the 
input terminals is available as direct current or rectified 
current at the output terminals, the rectification being 
effected without any moving mechanical parts. The 
changed destination of the electron flow inside the rectifier 
effects the requisite change in connection of the a.c. supply 
with regard to the d.c. leads. 

Those familiar with thermionic valves as used in radio 
work will appreciate that the hot cathode spot of the 
mercury rectifier corresponds to the filament of the radio 
valve, while the anode of the rectifier corresponds to the 
plate of the valve. There are, however, two most 
important distinctions between the two cases :- 

(1) The radio valve operates in a vacuum and a rela 
tively high anode or plate voltage is required to pull the 
electrons from the filament to the plate through the nega 
tive space charge produced by the intervening cloud of 
mutually repelling electrons. The space in a mercury 
rectifier, on the other hand, contains mercury vapour and, 
under working conditions, the electrons leaving the cathode 
spot are able to knock electrons from the atoms of mercury 
vapour thus leaving positively-charged ions (the residual 
parts of the atoms), which-neutralise the space charge and 
allow a relatively free passage of electrons to the anode. 
The importance of this is that from 20 to 40 volts diffe 
ence of potential between anode and cathode is sufficient 
to maintain current flow through the mercury rectifier, 
whereas hundreds or even thousands of volts must be 
maintained on the plate of a vacuum valve. 

(2) The second distinction between the two cases is that 
a vacuum valve is limited to relatively weak currents, 
otherwise the filament is destroyed, whereas a mereury 
rectifier can carry thousands of amperes, any mercury 
evaporated from the cathode pool being condensed in thx 
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upper part of the rectifier chamber and running back to 
the pool. 

The hot cathode spot, once established by striking an 
are as already explained, is subsequently kept hot by the 
bombardment of the positive ions. Normally, this js 
effected continuously by the are from the main anodes, 
but, as a precaution in an ordinary rectifier and as an 
essential feature in grid-controlled rectifiers, the hot spot 
is maintained by two or more auxiliary electrodes D and 
I, Fig. 1, these being fed independently of the main 
anodes. The arc-striking electrode previously mentioned 
is automatically switched out of circuit directly an are is 
cstablished on the auxiliary anodes, but the latter are kept 
in action until the rectifier is shut down. 

If the main anodes be surrounded by a perforated elec- 
trode or grid, as shown dotted in Fig. 4, and these grids 
be given a suitable negative charge, the clectrons emitted 
from C will be repelled and current flow cannot be estab- 
lished between either A or B and C, even though a hot 
spot be maintained on C by arcs from auxiliary ignition 
electrodes. The point in each half-cycle at which the 
corresponding main electrode fires can be varied by regu- 
lating the polarity and voltage of the charge on the grids 

In concluding the present instalment, reference may be 
made to the accompanying illustration of a typical metal- 
clad rectifier. For the heaviest traction supply, metalclad 
rectifiers are necessary in order to obtain an appropriate 
output per unit, and a typical installation of this type is 
illustrated in Fig. 5, which shows three 1,500 kW. G.E.C. 
units with automatic control, installed in the Chiswick Park 
substation of the London Passenger Transport Board. 
Further particulars of such installations, and those em- 
bodying glass-bulb mercury-are rectifiers, and their per- 
formance will be given later. 








NOTES AND NEWS 


Swedish Private Electrification.—The proposals of 
the Bergslageras and Dalsand Railwavs for the electrifica- 
tion of the line from Gothenburg to the Norwegian frontier 
at Kornsjo have now got to the stage where Government 
sanction is being sought. The scheme covers the conver- 
sion of 140 route miles, including the Mellerud-Aamaal 
branch, and the estimated cost is £700,000. 


New Caucasian Line.—The suburban electric railway 
from Baku to Surahani has recently been added to by 
a branch line from Sabunchi to Sarbat which runs through 
the heart of the oil fields. This branch is now being 
extended to the sea at Mardakiani, and when this section 
is opened the electrified length will be 19 miles, in addition 
to the existing 12$ miles between Baku and Surahani. 
Direct current at a tension of 1,200 volts is used. 


Rectifiers for Brazil.—-It is understood that although 
the contract for the electrification of the Central Railway 
of Brazil has not yet been finally signed, a decision has 
been come to regarding the system of current and the 
method of supply. The electrification is to be of the 
3,000-volt d.c. type, and the high-tension three-phase 
current, after being stepped down in static transformers, 
will be converted to d.c. at the line voltage in 14 mercury- 
are rectifiers installed in five remotely-controlled sub- 
stations. - Grid control is to be incorporated in order to 
permit of regenerative braking being employed on the 
locomotives. This type of braking will render possible 
an appreciable economy in power consumption and a 
safe operation of the trains on the sierra section between 
3elém and Barra do Pirahy. 


Big, Pennsylvania Programme. With the payment 
of the first instalment of $77,000,000 provided by the 
U.S.A. Public Works Administration, the Pennsylvania 
Railroad is pushing forward the electrification of the 
Wilmington to Washington section, already partly com- 
pleted, in order that through electric working between 
New York and Washington may be inaugurated early in 
1935. The work to be carried out with the Government's 
aid includes the conversion of 108 route miles, seven large 
freight terminals, and several branch and connecting lines. 
The terminals to be electritied are the Waverley, Greenville, 
and Harsimus Cove yards in the New York area, and the 
Trenton, Baltimore, Edgemoor, and Potomac yards, the 
last-named being at Washington. The branch and freight 
sections being converted are the Waverley-Passaic, New 
York Bay, Princeton, and Perth Amboy-South Amboy 
lines. Extensive rearrangement of the signalling, the 
building of 16 new substations and the installation of 
additional apparatus in 18 existing substations, are included 
in the complete programme, and the Pennsylvania's own 
telephone, telegraph, and signal wires are to be removed 
from the overhead poles and placed in underground con- 
duits. In several locations the station ‘racks and 
platforms are to be rearranged and bridges rebuilt to 
give greater clearance for the overhead coutact lines. 
The construction of 28 passenger, 59 freigit, and I4 
shunting locomotives is also to commence } imediately. 
Out of its own resources, the Pennsylvania Railroad 1s 
financing the work of widening the Baltimore tunnel an 
improving the stations at Newark and Philad. phia, all of 
which are in the electrified area. 








